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I N T R O D U C T I O N 
INTRODUCTION : 
The thiocyanate ion (SCN~), acts as an ambidentate ligand 
capable to bind metal ions through either N-atom or S-atom. 
The two binding sites available in this moiety best be related 
to nature of metal ions based on HSAB concept i.e. class (a) 
metal ions tend to bind through N-atom (M-NCS), whereas class 
(b) metal ions generally bind through S-atom (M-SCN). The 
order of preference of attachment for class (a) metals in water 
is as F" > Cl~ > Br~ > I~ and for class (b) metals the order is 
reversed. However, in coordination complexes following three 
ways of coordination by thiocyanate ion to metal ions^ have 
been well recognized : (l) through N-atom (M-NCSJ, (II) through 
S-atom (M-SCN), (III) through both N-atom and S-atom when the 
thiocyanate group is a bridge, M-SCN-M', between two metal ions. 
(2) The thiocyanate group also acts as tridentate ligand^ e.g. 
the complex, Hg2[Co(NCS}^J.C,H., has one tridentate NCS group, 
[j^^>SCN-Co], attached to Co-central metal atom through N-atom 
and two Hg-atom are bonded to it through S-atom. The coordi-
nation through N- or S-atom can be rationalized as stated above 
in view of Pearson's scale of hardness (N-bonding) or softness 
(S-bonding) of the metal centre^ '. The coordination is also 
(4) f'S) 
controlled by Sterie^ ' as well as electronic^ ' factors and 
in some instances by the nature of solvents^ . 
'. 2 
In a complex s t e r i c i n t e r a c t i o n s may cause N - c o o r d i n a t i o n 
of t h e NCS group because of i t s almost l i n e a r arrangement^ 
( M - N - C , bond angle =.= 1 7 0 ° ) , whereas t h e a l t e r n a t i v e (M-S-C, 
bond ang le ^ 100°) bonding has n o n - l i n e a r arrangement of t he 
NCS group ( F i g . l ) . 
M ?J=C-S~ 
+-
-S-CSN ^S=C=N 
( F i g . I ) 
In square planar complexes the electronic factor plays an 
important role. Thiocyanate linkage isomers have been iso-
lated^^^ as cis~[Pt(NH3)2(NCS)2] and cis-[Pt(R3p)2(NCS)2] 
giving S- or N- linked NCS group respectively. In the latter 
case phosphine (R3P) forms stronger n-bonding with Pt(ll) ion 
than would S-atom of the SCN group provide and hence result 
in N-bonding in it, whereas in other complex the NCS group 
coordinate through S-atom with effective n-bonding. The 71-
bonding has been equated with softness, and the a-bonding with 
hardness. In octahedral complexes the presence of soft, 
n-bonding ligand favours the addition of more soft, n-bonding 
(8) llgands (principle of symbiosis) , but in square planar 
complexes the soft, n-bonding ligands favour the addition of 
(7) hard, o~bonding ligands (n-electronic theory)^ , 
An analysis of the fundamental vibrations of the thio-
(9) 
cyanate anions has been done by Penney and coworkers^ who 
have assigned absorption band at 2053 cm" to the stretching 
mode of the NCS group. The structures (Fig. I) suggest that 
the X'(C-S) stretching frequency in the IR spectra should be 
higher^ in the N-bonded complex than in the S-bonded com-
plexes. Chatt et al.^ '^ "'"^  have found that the (C-N) stretch-
ing frequency is at a higher wave numbers when thiocyanate 
is bridging, than when it acts as monodentate coordinating 
ligand. The correlation between infrared band frequency and 
structure has been summarised as -
-1 
1. The C-N stretching frequencies are generally lower in 
N-bonded complexes (near and below 2050 cm" ) than in 
S-bonded complexes (near 2100 cm" y . The bridging 
(M-SCN-M') complexes exhibit )J(CN) well above 2100 cm 
However, the CN stretching frequencies are affected by 
(12) 
many other factors^ '. 
2. The y(C-S) falls^ '^-'^ '^^ '*^  in 860-780 cm""^  region for N-
bonded and in 720-690 cm" region for S-bonded comploxes. 
However, this band is rather weak and is often obscured 
by the presence of other bands in the same region. 
• 4 • 
3, The N-bonded complexes exhibit^ ' ' a single sharp NCS 
band near 480 cm" , whereas the S-bonded complexes show 
several bands of low intensity near 420 cm" . However, 
these bands are also weak and tend to be obscured by other 
bands. 
4, Several workers^ have used the integrated intensity 
of X^(CN) as a criterian, it is larger than 9X10^ ^ M'-'-Cm"^  
per NCS group for N-bonded complexes, and close to or 
4 - 1 - 2 
smaller than 2X10 M Cm for S-bonded complexes. How-
ever, this rule is difficult to apply when the complex 
consists of multiplet components or when the dissociation 
occurs in solution. 
5, It was proposed^ ' that V ( M - N ) is, in general, 
higher than V(M-S). However, these frequencies are very 
sensitive to the overall structure of the complex and the 
nature of the central metal. 
The NCS group also forms a bridge between two metal 
atoms. The C-N stretching frequency of a bridging NCS group 
is generally higher than that of a terminal NCS group. 
According to Chatt and Duncanson , the CN stretching fre-
quencies of Pt(ll) complexes are 2182-2150 cm" for the 
bridging and 2120-2100 cm""*" for the terminal NCS group. 
In [(P(n-Pr)3)2Pt2(SCN)2Cl2], the presence of bridging NCS 
group has been confirmed, however this compound is shown to 
: 5 : 
exist in two isomeric forms as shown in Fig. Ila, b, 
(n-Pr)^P. /SCNx .CI 
P t Pt 
/ X / X, 
CI ^NCS^ P(n-Pr)3 
(Fig . I l a ) 
(n-Pr)oPv /NCS^ /CI 
-^  X / X / 
,Pt Pt^ / X / V 
CI ^SCN^ ^PCn-Pr)^ 
(Fig . l i b ) 
Later, this 'bridge isomerism' was confirmed by single 
(21-23) 
crystal X-ray crystallographic studies^ . Presence of 
both bridging and terminal CN stretching bands has been 
accounted for the complex [(P(n-Pr)3)2Pt2(SCN)^], (Fig. Ill) 
N 
(n-
C 
-Pr)-,P. ,S. /SCN 
^ X x^  \ / 
Pt Pt^ / \ y X NCS^ X ^ ^P(n-
1 
N 
(Fig . I l l ) 
-Pr) 
From X-ray analysis^^^^ of [Re2(NCS)J^Q]^" anion, presence of 
solely N-bonded bridging thiocyanate groups (Fig. IV) is 
confirmed which exhibited V (CN) near 1900 cm" . 
S S S 
ii I I 
SCN, U /N^ N /NCS 
Re Re 
SCN" N ^r N ^NCS 
C C C i i i 
(Fig. IV) 
The preparation of non-metallic thiocyanate involves the 
"metathetic exchange of the corresponding non-metal chlorides 
with Pb(Il), Hg(ll) or Ag(l) thiocyanates^^^^ either in the 
benzene suspension or even in the absence of solvent. Alkali 
metal or ammonium thiocyanates have also been used as suitable 
substituting agents, taking advantages of the solubility of 
ionic thiocyanates and the insolubility of the resulting 
alkali metal or ammonium chlorides in organic solvents. It 
has been shown that the reaction of KSCN with substituted 
phosphorus chloride^ ', acyl or aroyl chlorides^ yields 
isothiocyanates, whereas the reaction between alkyl halides 
and KSCN in ethanol yields the corresponding normal thiocya-
(28) 
nates^ '. It has been shown from the molar refraction 
measurement that phosphorus trichlorides, phosphoryl chloritip-. 
7 • 
and the methyl chlorosilanes yield compounds with the 
isothiocyanate structure on treatment with metallic thio-
cyanates. 
It has been confirmed from the infrared spectroscopy 
that in all the compounds the thiocyanate group is attached 
to the central non-metal atom through N-atom, whereas the 
analogous reactions with alkyl and substituted alkyl halides 
give rise to normal thiocyanates, on distillation or suitable 
treatment at higher temperature the S-bonded isomers are 
converted to the N-bonded isomer which is considered to be 
more stable^ than the corresponding normal thiocyanates. 
Stable compounds containing the normal thiocyanate group 
are found in the case of aromatic thiocyanates and in thio-
cyanate complexes with metals like Hg(Il) and platinum. 
These latter elements show a marked tendency towards bond 
formation with sulphur, involving back donation of electrons 
from filled metal d-orbitals to empty sulphur d-orbitals. 
The organic isothiocyanates and isocyanates, RNCX 
(R = CH-j* ^2^^* X = 0, S) are versatile ligands and provide 
('i-i) 
different coordination sites to metal ions^ '^. However, 
comparatively less interest has been shown towards chemistry 
of these derivatives in the literature, probably because of 
the extreme reactivity of RNCX molecules with common solvents 
8 
and because of their lachrymatory properties. Villa and 
(32) Powell have reported^ ' complexes of RNCS with some members 
of the first row transition series. These organic isothio-
cyanates have been shown to coordinate through the C-S 
bond (33) also, (Fig. V) . There is possibility of cis-trans 
Ph3P. .S 
PhaP 
Pt 
(a) 
Ph 
N^ 
Ph3P. 
Ph3P 
Ph 
I 
N 
H 
S 
Pt 
(b) 
CI % . / 
(Fig. V) 
isomerism about the C=N bond, but no evidence for the 
existence of isomers has been reported. The i.r. spectrum 
shows a rather broad band centered at 1643 cm" (CHoCl^ 
solution) which can be attributed to V(CN) stretching 
frequency. This is C^ 450 cm" below the assymetric NCS 
(34) 
stretching frequency in free PhNCS^ ' but the band retains 
much of the splitting and broadening normally associated with 
this mode in the i.r. of organic isothiocyanates. Although 
most other bands of the PhNCS group were obscured by phosphine 
bands [Fig. V(a)], sharp bands at 1582s and 782m cm" have 
been attributed to JJ(C=C) of phenyl ring and i^CC-S) 
ivel; 
(35) 
respect y (compared with 1594 cm" and 927 cm" in free 
Ph-NCS) 
A structure with the PhNCS coordinated to the metal atom 
via the C=N bond has not been favoured since the i.r. spectrum 
contained no bands in 900 - 1200 cm" region attributable to 
2>^ (C-S) stretching frequency. The greater stability of S-
bonded isomer than N-bonded isomer is consistent with the well 
known high affinity of platinum for sulphur compound with 
nitrogen. 
For the complex [RhCl(PhNCS)^(PPh^)^] i.r. spectr 3'2' um 
suggests the structure as shown in Fig. V(b). In addition to 
PhoP bands the i.r. spectrum shows a strong broad, and complex 
band around 1540 cm" which has been assigned to a combination 
of the C-N stretching frequencies of 'n-bonded* phenyl iso-
thiocyanate group and of the C=C of the phenyl groups. In 
addition, there are bands at 2155s and 925 cm"-^  which can be 
attributed toVasym (NCS) and i^ sym (NCS) of the donor S-bonded 
phenyl isothiocyanate respectively. 
10 
The first phosphorus isocyanates were reported as early 
as in 1940, Phosphorus isocyanates were used for the prepa-
ration of phosphorylated urethanes and ureas. Some of them 
are physiologically very active and are used as insecticides 
and drugs. The following types are known for phosphorus(III) 
isocyanates X2PNCO, XPCNCO)^ and P(NC0)3 with X = halides, 
alkoxy, arryloxy, alkyl and aryl. Phosphorus (V) isocyanates 
are very reactive and they behave similarly to 'carbon* iso-
cyanates. They react very readily with alcohols, phenol, some 
amines and other compbunds bearing active hydrogen and can 
therefore serve as important starting materials for the 
synthesis of derivatives of phosphoric acid and phosphonic acid, 
Phosphorus (III) isocyanates often exhibit chemical pro-
(36) perties similar to those of phosphorus (ill) chloride. 
The NCO groups show only a slight, if any, tendency to enter 
in to addition reactions. Phosphorus (III) isocyanates decom-
pose even in absence of air and moisture. Their stability 
increases in the series P(NC0)3 < C1P(NC0)2 < CI2PNCO. 
The chemistry of substituted isothiocyanate derivatives 
of the type f^ n^ ^^ ^^ 3^-n ^^ ^ ^' ^^* ^^ ^"^ ^ ^^' ^ ^^^^ the NCS 
group is bonded to a non-metal atom other than carbon, is 
scarcely described in the literature, although a few members 
(37) 
of this class have been known^ for quite a long time. The 
11 
organo isothiocyanatophosphines R P(NCS)-, (n = O, 1) can be 
(37 38) prepared^ ' ' from the reaction of the corresponding halo-
phosphines with AgSCN, Hg(SCN)2, Pb(SCN)2 or NH^SCN under 
restricted conditions. Furthermore, the preparative procedure 
required heating in each case, usually under reflux, in a 
suitable solvent and thiocyanato compounds are often thermally 
(39) 
unstable. File found that further heating of freshly 
distilled C.Fp^P(NCS)2 l^ d to complete transformation to a 
mixture of two substances, which could not be separated by 
distillation. From NMR and other evidence he deduced that 
these were penta valent phosphorus thiocyanato and cyano 
compounds produced as shown by equation (1). 
2C^F^P(NCS)2 > C^F^P(S)(NCS)2 + C^Fp^P(s)(CN)2 (D 
Very recently Waddington et al. have carried out 
•^^ P-NMR spectral studies on RP(NCS)2 (R = alkyl, aryl or C^F^) 
to characterise these compounds. 
31 
P-NMR spectrum of the mixture exhibited two signals 
upfield from that of the starting material assigned to 
RPX(NCS) and RP(NCS)2. The value 61.2 ppm for C^F^P(NCS)2 was 
Cqo) 
in good agreement with the result reported by Fild^ '^  for 
freshly distilled compound. 
The compounds were isolated as yellow colored liquid but 
proved to be thermally unstable at room temperature i.e. 
12 
PhP(NCS)^ readily turned to a dark brown viscous liquid. 
While the methyl and ethyl compounds were even more unstable, 
iqulckly giving reddish brown oily compounds in inert atmos-
phere. 
It is therefore evident from the above discussion that 
the isolation of these compounds out of the solution results 
in decomposition, a possible contributing factor to the lack 
of interest shown in the study of their reactivity towards 
metallic substrates. Derivatives of the type, (R0)2PNCS, are 
known and their reactivities towards a few non-metallic sub-
strates have been studied^ '^^ ''. The derivatives (R0)2PNCS are 
(41) known to be fairly stable^ ' which reflects additional 
pn-dn overlap between filled non-bonding pn orbital (oxygen) 
and empty low lying dn orbital (phosphorus). The absence of 
similar n overlap in R2P(NCS) and RP(NCS)2 may be responsible 
(42) for their fragile nature^ 
The additional P-OR n-overlap in phosphorus (V) deriva-
(42) tives is reported^ to influence the reactivity towards 
nucleophiles, where as the absence of similar n-overlap in 
RgPNCS and RP(NCS)2 ^^"^^^^ these derivatives labile in 
nature. It has recently been shown^ ^^ that stabilization of 
an unstable phospha-alkyne can be achieved by complex formation 
with transition metal ions or their derivatives. It can be 
13 
emphasized that fragile elemento-organic moieties possessing 
electron rich centres can be stabilized through coordination 
to metal centres. We describe here our investigations in to 
the reactivity of the elusive phosphorus (III) derivatives, 
PhP(NCS)2» phenyldiisothiocyanato phosphine being unstable in 
neat form, towards transition metal ions and their derivatives, 
We have isolated complexes in which the PNCS moiety retains 
its identity providing P and S as chelating centres. 
P R E S E N T W O R K 
PFIESENT WORK : 
There are numerous reports regarding the study of 
reactivity of R3P( (R = alkyl or aryl), R2PX and RPX2 
(X = H, halogen) towards transition metal substrates with 
the isolation of variety of phosphine complexes. The 
heavier transition metal complexes of these derivatives are 
known to act as potential homogeneous catalyst for variety 
(44) 
of organic reactions like alkenes hydrogenation^ % iso-
merization reactions and other typical organic reactions. 
The phosphorus (III) derivatives containing ambidentate 
moieties with electron rich centres, for example, NCS have 
not so far been tried for their potentiality in this sense. 
Recently, in this laboratory study on reactivity of deriva-
tives of the type R2PNCS and RP(NCS)2 towards transition 
metal ions and derivatives complexes has been undertaken. 
These phosphorus (III) derivatives have been prepared in 
solution utilizing the metathetic exchange between the 
corresponding phosphine system i.e. R PClg (n = 1 or 2) and 
(CH2)3SiNCS or AgSCN under strict anhydrous conditions. 
These derivatives are air sensitive and decompose of heating 
or standing for a few hours resulting in dark red-brown oily 
mass. However, these fragile species can be stabilized^ ''^ 
through coordination to transition metal ions carrying out in 
15 
in-situ reactions. The solid products thus isolated have 
been found to providing phosphorus and sulphur as coordina-
ting sites, and coordination is accompanied by delocalization 
of metal electrons through an additional overlap between 
empty P(3d-Ti) and metal dn-orbitals. We have carried out the 
reactions of this ligand system towards transition metal ions 
and their complexes with n-acids. The metal ions used are as 
2+ 2+ 2+ follows Ni f Pd and Ru , These complexes have been 
characterized using elemental analyses and molar conductance 
and magnetic susceptibility measurements as well as IR, 
31 
P-NMR and e lec t ron ic s p e c t r a l s t u d i e s . 
E X P E R I M E N T A L M E T H O D S 
EXPERIMENTAL METHODS : 
It is well established that the single crystal X-ray 
crystallography reveals molecular geometry of the compound 
indicating the exact disposition of the various atoms in the 
molecule, if a suitable crystal of the compound is grown. 
However, the present complexes have been characterized using 
analytical data, molar conductance and magnetic susceptibility 
measurements, I.R.,electronics reflectance spectral studies 
and •^'•P-NMR studies. 
The results of the elemental analysis for carbon, hydrogen 
nitrogen and sulfur were obtained by the Micro analytical 
laboratory of the university colleges of Science and Technology, 
Calcutta. The estimation of halogen was done gravi^etri-
(47) 
cally^ and the metals were estimated by titrating with 
standard E.D.T.A. solution^ . For metal estimation, a known 
amount of complex was decomposed with a mixture of nitric, 
perchloric and sulphuric acids and the halogen was estimated 
by fusing a known amount of the compound with fusion mixture 
(KNO3 and K2CO3), 
The infrared and far infrared spectra were recorded on 
KBr disc on a Perkin Elmer 621 (4000-400 cm""'-) spectrophoto-
meter. Reflectance spectra of the solid samples were 
recorded on a Carl Zeiss VSU-2P spectrophotometer using MgO as 
17 
calibrant and electronic spectra in DMSO, THF or MeOH were 
recorded on a Pye Unicam 88CX) spectrophotometer at room 
temperature. Results of the magnetic susceptibility measure-
ments were obtained by using a Faraday balance at 25°C cali-
brated with HgLCo(NCS)^]. 
IR -- Spectroscopy : 
Important group frequencies located in the I«R. Spectra : 
-NCS Stretching Vibrations : The linear thiocyanate ion (NCs) 
exhibits three fundamental vibrations active in the infrared 
i.e. two stretching vibrations at 2060 cm" and 743 cm" asso-
ciated with the C=N and C-S bonds respectively and a deforma-
tion vibration at 470 cm" . However, it is well known that 
NCS~ ion can coordinate to metal ions either through N or S-
atom. In the N- coordination as reported for the Co(ll), 
Ni(ll), Cr(ll) etc. isothiocyanates and also in mixed ligand 
isothiocyanates the characteristicVasym. andj^sym. NCS 
frequencies are observed at 2070-2150 cm"-^  and 920-960 cm~^ 
respectively. While for the normal thiocyanate complexes like 
those of Hg(Il), Ptdl)^'*^^ the characteristic bands are at 
2066 and 743 cm" . In derivatives like RNCS, RISINGS, 
X3_„P(NCS)^ (n = 1,2,3) and even in HNCS, the non-metal atom 
(i.e. C, Si, P and H etc.) are in general bonded to the N- end 
of the NCS group yielding the isothiocyanate analogues. These 
18 
isothiocyanates usually exhibit a very intense band in the 
2000-2100 cm" region and a medium to strong band at Ca 900 
cm" characteristic of Vasym and Vsym (NCS) stretching 
vibrations respectively. 
Metal-Chlorine Stretching Vibration : The M-Cl stretching 
frequency for Ru(Il), Ni(Il), Pd(II) complexes appear about 
300-320 cm"-*-. 
Metal-Phosphorus Stretching Vibration : 
The M-P stretching frequency appears as a weak band In 
the region 325-340 cm"-*". 
Metal-Sulphur Stretching Vibration : 
The M-S stretching frequency generally appear as doublet 
in the region 400 - 535 cm" which are weak or sometime of 
moderate intensity, 
P-N Stretching Vibration : 
P-N stretching frequency is of particular interest since 
it provides direct information about the formation of the new 
product. The single bond P-N stretch frequency appear in the 
region 1050-1150 cm" while the P=N stretch frequency is 
(49) -1 
reported^ "' to occur in 1300-1350 cm region. 
19 
I^-Visible Spectroscopy : 
Probably the most clear-cut evidence for the electronic 
energy levels of transition metal complexes is provided by 
their electronic spectra. Electronic spectral studies provide 
a powerful tool for structure elucidation of these complexes. 
In transition metal complexes electronic transitions occur with 
in the various energy levels of the d-subshell and therefore 
termed d-d transitions. The electronic transitions occur by 
absorption of radiation in the UV-visible region. V^ hen such 
transitions occur in complexes with centres of symmetry, such 
as regular octahedral complexes, weak absorption bands are 
obtained. However, relatively strong absorption bands are 
obtained for d-d transitions in complexes which lack centres 
of symmetry, such as cis complexes of the type MA.B„ and 
tetrahedral complexes. 
The electronic spectra of transition metal complexes are 
interpreted with the help of ligand field theory. 
The ligand field splits the degeneracy of the five d-or-
bitals of the central metal atom in transition metal complexes. 
Transitions between these splitted energy levels give rise to 
characteristic bands in the electronic spectra. The extent of 
splitting of energy levels is a function of Dq and the magni-
tude of Dq varies with different ligands for different comple-
20 : 
xes. As Dq increases, E, the energy of the transition 
increases. The value of E (10 Dq or A ) is obtained directly 
from the frequency of the absorption peak. The frequencies of 
each band obtained from the electronic spectra is compared 
with the spectral data available for the expected geometry of 
the transition metal ion of interest. Then each band g^ 
accounted for a transition between particular energy levels. 
The energy levels are determined using Orgel and Tanabe-Sucjano 
diagram. The experimental energies obtained from the spectra 
are always less than the values calculated for free ions. 
This reduction is attributed to covalence (p) in the bonding 
which results in smaller value of Flacah parameter (B) in 
complexes than that in free ion. But A and p can not be 
determined accurately. The interpretation of spectra becomes 
complicated. It is therefore necessary to consider the effect 
of factors like spin-orbit coupling and Jahn-Teller distortion 
on the energies of the levels. The effect of o-bondinq and 
n-bonding on the energy levels can be obtained by relating the 
energies of the observed d-d-transitions to the energy levels 
associated with the molecular orbital description of the com-
plex. The number of bands, frequencies and molar absorptivity 
should all be considered in interpreting the spectra. Molar 
absorptivity (C) is calculated by using Beer-Lambert's Law 
in eq. (2) 
A = €, b, c (2; 
21 
where A is the absorbance, ^  is molar absorptivity or extinc-
tion coefficient, b is the length of absorbing system and c 
is the concentration. Finally the spectra in solution should 
be checked against spectra of solids (reflactance or mulls) to 
be sure that drastic changes in structure do not occur in 
solution either through ligand displacement by solvent or 
through expansion of the coordination number by solvation. 
Magnetic Susceptibility Measurements : 
Magnetic properties of transition metal complexes are 
used in conjunction with their electronic spectra to determine 
the geometry of the complexes. 
Magnetic properties of substances arise from the magnetic 
moment resulting from motion of the charged electrons. The 
magnetic moment is calculated by magnetic suscestibility. The 
volume susceptibility, X » is defined as eq. (3), 
;>C= I/H (3) 
where I is the intensity of magnetisation induced by the field 
strength, H, per unit volume of substance. Often the suscep-
tibility is defined as the gram susceptibility, "Yg, where 
JXg =}C/density (4) 
or it can be defined as molar susceptibility, m, where 
}Cm = (M/d;Y (5) 
22 
The quantity^m which is the induced moment, I, per mole per 
unit applied field, H, has the units CC mol 
For normal paramagnetic and diamagnetic substances yC, 
Xg and Xm are constants independent of field strength. 
The susceptibility measured have contributions from para-
magnetic and diamagnetic susceptibilities, the former being 
much greater. The measured susceptibility is corrected for 
both diamagnetic contribution as well as temperature indepen-
dent paramagnetism. The magnetic moment is then calculated 
from the corrected molar susceptibility, ^ m, by the equation 
(6) 
'^eff = '^^ '^  OC'mT)^/^ (6) 
where T is the absolute temperature,^'m is the corrected 
molar susceptibility and ^pff is the magnetic moment of the 
compound in Bohr Magnetons. 
The volume magnetic susceptibility, Y » is related to the 
force the material experiences when subjected to a magnetic 
field gradient and procedures are described^ ' for measuring 
this force. In practice there are two methods to measure this 
force the Faraday method, which measures the force directly 
and it is very sensitive. It requires little amount of sub-
stance (1 mg to 10 mg). But the operation of the instrument 
is difficult. The Gouy method is an indirect method to measure 
23 
the force experienced by the paramagnetic substances. It is 
achieved by integrating the magnetic field from Ho to H, where 
Ho <<< H. Gouy method is simple and easy to handle. But the 
sensitivity is small and the large quantity of the compound is 
required. 
In both the methods the apparatus is calibrated with a 
standard substance and equation (7) is employed for calculating 
magnetic susceptibility of the unknown substance. 
' ^"'unk w "'std X Mol.wt. 
^unknown = 55 y^—*"~Xw X 7^ std (7) 
unk std 
where^ is the gram, susceptibility, Vd is the weight of sample 
in field off condition, and AW is the difference in weights 
of sample in field on and field off condition. The experi-
mentally determined magnetic moments of transition metal 
complexes, do not agree very well with the calculated moments. 
The descrepancy is accounted by considering factors like 
quenching of orbital angular momentum by ligand fiekis, spin-
orbit coupling, TIP and other properties like ferromangetism 
and antiferromagnetism. The magnetic moment thus obtained is 
used to ascertain the number of unpaired electrons and dis-
tinguish spin-paired complexes from spin-free complexes. It 
also gives information regarding the oxidation state of the 
metal ion in a complex. 
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Molar Conductivity Measurements : 
Molar conductance determines the electrolytic property 
of the complex, whether it is an electrolyte or non-electrolyte. 
Standard values of molar conductance calculated in different 
(51) 
solvents are available for comparison^ . The electrolytic 
nature of the complex distinguishes the group involved in 
coordination sphere of the central metal ion from groups out-
side the coordination sphere. When all the groups are in 
coordination sphere, the complex behaves as a non-electrolyte. 
Thus molar conductivity measurement is an additional tool in 
determining the geometry of a complex. 
The molar conductance (-A-m) of a solution is given by 
eq. (8) 
Am = 1000 k/c (8) 
where W m is the molar conductance in Ohm" Cm Mole" , k is 
the specific conductance in Ohm" Cm" and c is the concentra-
tion in moles per litre. In order to measure the specific 
conductance, k, the solution is placed in a cell, the cell 
constant of which has been determined by calibration with a 
solution of accurately known conductivity e.g., a standard 
potassiumchloride solution. The resistance or conductance of 
the solution is measured with the help of a conductivity 
bridge from which the specific conductance is calculated by 
equation (9). 
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k = Cell constant x measured conductance (9) 
Finally this value of k is put in equation (8) to calculate 
the molar conductance of the complex. 
NMR Spectroscopy : 
Nuclear magnetic resonance is probably the most valuable 
tool for determining the structure of compounds in the liquid 
and dissolved states. 
Nuclear magnetic resonance spectroscopy is applicable to 
certain nucleus having nuclear spin, I, greater than zero. In 
a uniform applied magnetic field, H, a given nucleus can 
assume any one of (21+1) possible orientations relative to the 
applied field. Each orientation corresponds to an energy 
level. Transitions take place with in these energy levels by 
absorption of radio frequency. 
In a typical nmr experiment, the precessional frequency 
of the nucleus is clianged by varying the applied magnetic 
field while holding the transmitted radio frequency constant. 
When the nuclear precessional frequency becomes equal to the 
transmitted radio requency, a resonance absorption of energy 
takes place, and a peak is obtained. 
Chemical shift - the effective magnetic field, H ^^ , 
experienced by the nucleus is given by equation (10). 
Hgf^ = Ho (1 - cr) (10) 
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where Ho is the applied magnetic field and cr is the shielding 
constant fox a nucleus in a particular environment. The diff-
erence in resonance field strength for nuclei in two different 
environment is called the chemical shift, o, and is given in 
parts per million, by equation (11) 
H — H 
^ _ sample reference ^ J^Q6 QJ^^ 
reference 
Tetramethylsilane (TMS) and phosphoric acid (H-^ PO^ ) are 
1 31 
used on a reference compound in H and P-nmr respectively. 
Compounds having one structural kind of H-atom, N-atorn 
19 
or F-atom give very simple spectra, generally consisting of 
single resonance. However, compounds having more than one 
structurally distinguishable magnetic nucleus of a given 
element, and the nmr spectra of such compounds usually consist 
of a many main resonances as there are types of magnetic 
nuclei. This fact, together with the fact that the signal 
intensities are proportional to the number of nuclei present, 
makes nmr extremely useful for determining the structures of 
compounds. 
For the ligand, PhP(NCS)2, the "^ "^ P-nmr spectra were 
recorded and chemical shifts were measured relative to external 
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8551^  H^PO^. The chemical shifts of 88.7 ppm for PhP(NCS)2 
and 117.7 ppm for PhPCl(NCS) were obtained^^^''^^ and then 
compound with the starting material, PhPCl^, with chemical 
shift of 161.3 ppm. 
In square planar complexes of phosphine ligands, the 
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cis and trans isomers can be distinguished by P-nmr, as 
trans-isomers give single peak while cis- isomers gives two 
separate peaks. 
31 The P-nmr spectra of complexes were recorded on JeOL 
lOOX spectrometer using 85?^  '^ 3^ 4^ ^ ^ external reference at 
20°C. 
E X P E R I M E N T A L 
EXPERIMENTAL : 
Materials and Methods 
Reagents used - The reagents, trlphenyl phosphine (SISCO), 
dichlorophenylphosphine (Fluka A.G.), Silver nitrate (E.Merck) 
potassium thiocyanate (E.Merck), NiCl2.6ll20 (BDH), Cp2TiCl2 
(Fluka A.G.), PdCl2 (SiSCO) were used as received. Solvents 
dichloromethane, tetrahydrofuran, n-hexane, benzene, acoto-
nitrile, methanol and ethanol were all dried by literature 
methods^ 
Preparation of Precursors -
1. Dehydration^^^^ of NiCl2.6H20 - NiCl2.6H20 (10 gm) was 
mixed with 60 ml acetic anhydride and heated for 1 hr, filte-
red and dried in vacuo giving yellow colored crystalline solid 
2. Preparation^ '^  of dichloro bis (triphenylphosphine) -
Ni (II) : 
A solution of NiCl2.6H20 (1.19 gm, 5 m moles) in water 
was diluted with 25 ml glacial acetic acid and triphenyl 
phosphine (2.62 gm, 10 m moles) in 50 ml glacial acetic acid 
was added. The bluish green microcrystalline mass was preci-
pitated out on standing overnight which were filtered off, 
washed with glacial acetic acid and dried in vacuum desicca-
tor (m.p. 244°C). 
29 
3. Preparation^ ^ of dichloro trls(trlDhenvlphosDhlne) 
Ru(ll) : 
A solution of RuClo (1.53 gm, 7,37 m moles) in MeOH in 
which triphenylphosphine (9.0 gm, 35 m moles) was added with 
continuous stirring, and then the solution was refluxed for 
three hours. The shining dark green-brown crystals obtained 
which were filtered off and washed with MeOH and dried in 
vacuo (m.p. 129-133°C). 
Formation of phenyldiisothiocyanatophosphine [C,Hp^P(NCS)2] ' 
Dichlorophenylphosphine (0.399 gm, 2.2 m moles) was 
diluted in CH2CI2 in which AgSCN (0.73 gm, 4.6 m moles) was 
added with continuous stirring under dry dinitroyen atmosphere. 
The reaction mixture was allowed to stirr over night. The 
AgCl and excess AgSCN were removed by fiIteration. The 
filterate light yellow color, after evaporation of solvent 
under vacuum gave a yellow liquid wliich, liowever, on stcjruliny 
changed to a dark-brown oil due to its decomposition (please 
see discussion). Therefore, all reactions of the liyand was 
performed (in-situ) with the substrates. 
Preparation of bis(phenyldiisothiocyanatophosphine) Nickel (ll) 
[Ni(C^H^P(NCS)2)23 : 
A suspension of NiCl„ (0.285 gm, 2.2 m moles) in tetra-
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hydrofuran was treated with freshly prepared solution of 
the ligand (0.985 gm, 4.4 m mol) (in-situ^ in presence of Zn-
dust (0,15 gm, 2.2 m atoms) under dry N^ atomsphere. There 
was an immediate change in the color of the reaction mixture, 
to dark brown which was stirred for C^. 12 hrs, and left 
standing for few hours. It was filtered off to remove insolu-
ble impurities and the mother liquor was then mixed with 
hexane and kept for few days at Ca. 5°C giving dark brown 
color microcrystalline solid (m.p. >350 C). 
Preparation of dichlorophenyldjisothiocyanatophosphine -
Palladium (11). [PdCl PhP(NCS)g]Cl : 
The PdClrt (0.18 gm, 1.1 m mol) was allowed to react with 
CH3CN giving chocolate color adduct PdCl2(CH2CN)2. This 
adduct was reacted (in-situ) with freshly prepared ligand 
(0,246 gm, 1.1 m nol). The reaction mixture was stirred for 
Ca, 4 hours and yellow microcrystalline solid was obtained 
(m.p. >350°C). 
"Preparation of bis(phenvldiisothiocyanatophosphine) - Palladiurr 
(II) [Pd(PhP(NCSJ2)2J • 
It was prepared in the same manner as above by taking 
PdCl2 (^ '^ ^^  y"^» °»^^ ^ ^°^^ ^^ CH3CN and then allowed to 
react with freshly prepared ligand (0.246 gm, 1.1 m mol) in 
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presence of Zn-dust (0.035 gm, 0,55 m atom) affording dark 
brown microcrystalline solid (m.p. >350°C). 
Preparation of dichlorophenyldiisothiocyanatophosphine -
triphenylphosphine - Ru(II) [RuCl(Ph3P)PhP(NCS)2]Cl : 
A suspansion of [Ru(Ph2P)3Cl2] (0.5 gms, 0.52 m mol) in 
CH^Cl^ was reacted (in-situ) with freshly prepared ligand 
(0.156 gm, 0,7 m mol) and reaction mixture was stirred for 
overnight. The solution color changed from brown to reddish 
brown. The solution was mixed with hexane and kept in cold 
(5°C) for few days affording reddish brow microcrystalline 
solid (m.p. 132-136°C). 
R E S U L T A N D D I S C U S S I O N 
RESULTS AND DISCUSSION : 
Formation of Phenyldiisothiocyanatephosphine, PhP(NCS)^ in the 
Solution : 
Reaction of dichlorophenylphosphine with vigorously 
stirring suspension of AgSCN is neat, undergoing metathetical 
exchange as shown by equation (1). 
PhPCl2 + 2AgSCN > PhP(NCS)2 + 2AgCl (l) 
The completion of the reaction i.e. total conversion of 
P-Cl to P-NCS bonds has been monitored by recording the infra-
red spectra at different stages of the reaction. It has been 
observed that after a rigorous stirring for Ca^ . one hour of the 
reaction mixture, there is disappearance of (P-Cl) stretching 
frequency at 520 cm" with the concomitant appearence of new 
bond at about 1150 cm" assignable to V(P-N) stretching 
vibration^ ' and characteristic Vasym and Vsym (NCS) vibra-
tions (Table-1) indicating that PhP(NCS)2 is formed in the 
solution. There is no trace of unreacted PhPCl^ indicated in 
solution. 
The positions of Vasym and IVsym (NCS) vibrations are 
comparable to those reported for organic isothiocyanates^ •^  
where the existence of canonical structure for (NCS) moiety 
has been suggested. In the present case there is no band in 
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the region 1300 - 1350 cm"-"- characteristic^^°^ of (P=N) 
stretching vibration. This reveals that the lone pair at 
phosphorus is remained localized and does not interact with 
the NCS frame work such that the positive charge on N-atom 
remains localized as in structure (B) (Fig. VI). 
Ph-PC^ Ph-P ^ ^^ 
(A) (B) 
(Fig. VI) 
It may, therefore, be concluded that of the two canonical 
possibilities (structure B, Fig. VI) is predominant, it is well 
known that in HNCS, the H-atom makes an angle less than 180° 
(55) 
v'ith the NCS skeleton i.e. it is not colinear^ ' with NCS 
group. However, in thiocyanato metallates^ ' [M(NCS)^J'^"'^, 
M-NCS is linear if bonded through N-atom otherwise it is bent 
for S-coordination. In the present phosphorus (III) deriva-
tives, PhP(NCS)r>, phosphorus is linked through N-atom and 
moreover the P-N bond should be far less than 180^ (bent) with 
the NCS moiety. In respect of the molecular model, both the 
NCS groups though bent to phosphorus but lie in same plane 
other than that of phosphorus and the lone pair at P-atom 
(sp hybrid of phosphorus) is directed away. 
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Vacuum evaporation of solvent to Isolate the neat ligand 
has afforded a red color oily mass whose analytical data does 
not fit with the expected stoichiometry of the ligand, 
PhP(NCS)^. The IR spectrum of this oily mass contained strong 
additional bands at 1270 cm""^  and 760 cm""*" attributed toy(P=o; 
and V(P=S) stretching vibration respectively. This suggests 
that PhP(NCS)2 is unstable under normal conditions particu-
larly, in the absence of solvent decomposing to corresponding 
phosphoryl/thiophosphoryl species. It is noteworthy, that 
RP(NCS)2 is far different from that reported for the corres-
ponding (0R)P(NCS)2 i" terms of stability. The latter is knowr 
to be fairly stable under normal condition. This may, 
reasonably, be attributed to enhanced, pn-dn overlap between 
the filled non-bonding pn-orbital of oxygen and the empty low 
lying dn-orbital of phosphorus. This additional (P-OR) pi-
bond overlap in phosphorus (V) derevatives is known^ to 
influence their reactivity towards nucleophilic attack. The 
absence of similar pi-overlap in RPCNCS)^ may have a labilli-
zing effect making it sensitive towards temperature and other 
physical effects. However, this labile species, PhP(Nas) , 
has been stabilized through complex formation to transition 
metal ions and their derivative complexes giving stable solid 
compounds in which the - P(NCS)2 moiety retains its entity. 
35 
Reaction of the Llqand (in~sltu) with Transition metal salts 
e\nd their complexes - Redox reactions using Zn as Reductant -
The results of elemental analyses of the compounds agree 
well with the stoichiometry of the complexes as shown in 
(Table-l). The reaction in presence of Zn as reductant can be 
typefied as following 
MCI2 + 2Ph(NCS)2 + Zn (^QH ^ [M(PhP(NCS)2 )2] •*" ^^^^2 ^^^ 
(M = Ni or Pd) 
The compounds are all soluble in DMSO. Ru(ll) complex is 
soluble in CH2CI2, CH^CN and other organic solvents. The 
molar conductance data measured in DMSO suggest that the 
compounds (J.) and (4) are 1:1 electrolyte, and complexes (2) 
and (3) are non-electrolyte. 
The important i.r, bands, in the present complexes, are 
summarized in (Table-2). The characteristic NC.S frequencies 
do not change significantly upon complexation, indlcotlnq 
that structure (B) (Fig. VI) predominates and hence sulphur 
rather than nitrogen of the NCS coordinates^^^ . The M-S 
bond is, probably, further stabilized^^^ by additional back 
bonding from the metal ion to sulphur. The coordination 
through phosphorus has little effect on position of the charac-
teristic (P-N) frequency compared to the uncomplexed PNCS 
moiety (Table-2;, which suggests that the lone pair at phos-
phorus does not interacts with the NCS group. The ^(iM-P) and 
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V^(M-Cl) could not be recorded as they lie below the range 
of our instrument. 
P-n.m,r. spectra of the compounds (2) and (3) recorded 
in d DMSO contain a single sharp signal at +b ppm relative to 
&b% H3PO. as an external reference. This is considerably 
upfield compared to that^ * ' of the free ligand, but is in 
the range reported for transition metal phosphine complexes 
Coordination to metal ion is therefore accompanied by a large 
phosphorus shielding, presumably due to additional overlap 
between the empty P(3dii) and metal (3dn) orbitals leading to 
the delocalization of metal electrons. 
The electronic spectra of the complexes were recorded 
in DMSO solvent, which may have a weak coordination with the 
(57) 
metal ions due to solvation effect^ . The apperance of 
weak band at IICXX) cm" may be due to solvation effect. 
Some of the high energy bands (smaller wave length below 300 nm^  
could not be observed due to solvent cut off points of DMSO. 
The band which appear in this region are, in general, of 
charge transfer origin. However, the spectra contained bands 
assignable to CT as well as those arising from d-d transitions. 
The band at C^ 27 000 cm"" indicated in the spectrum of (1) 
and (2) may be due to spin allowed d-d transitions (Table-3) 
in square-planar environment around Pd(ll) ions. The energy 
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levels are dxy (b2g), dz^(aj^g), and dxz, dyz (eg) in the 
2 2 
order of decreasing energy as filled low lying and dx -y 
(b,g) as empty excited state. The three corresponding 
excitations from a singlet A-^ ground state are 
in the order of increasing energy. The band observed at ca 
27000 cm"-^  may be assigned to A2 < A^ ^ while the 
higher energy bands are probably masked by the strong C.T. 
and solvent cut off at 300 n.m. 
The observed diamagnetic nature of (l) and (2) confirms 
8 +2 the configuration as d i.e. Pd . It may be rationalized 
that in (2) where a reducing agent has been used, the PdCl^ 
reactant first is reduced to Pd(0) then in presence of the 
ligand PhP(NCS)2 it is probably oxidized into a Pd(ll) 
1 (33) 
species giving a r) -type of coordination^ by the -P(NCS) 
moiety. This suggestion is supported by the presence of a 
band at 1620 cm" characteristic of V(C=N) in r) -mode of 
coordination. A similar observation has also been reported by 
G. Wilkinson et. al. for reaction of Pt(o) species with RNCS 
giving r] -type of coordination. The structure of compounds 
(1) and (2) plausible in view of present investigation are 
shown in Fig, VII and Fig. VIII respectively. 
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CI. 
Pd 
N 
/ 
^Ccr/^-^p. 
•Ph 
CI Ph-P pd 
^NCS 
•N' 
/NCS 
C\ ,P-Ph 
Fig. VII Fig. VIII 
In compound (3) the T) -type coordination similar to 
that of compound (2) is indicated by a band at ca 1620 cm" 
in its IR spectrum. Here, too, NiCl^ is reduced first to 
Ni(0) by zinc dust and then again oxidized to Ni(II) in the 
same way as in compound (2). The observed V^^^f value of (3) 
is 1.38 BM, however, its electronic spectrum (Table-3) 
resembles closely with that reported for diamagnetic sq-planar 
Ni(ll) complexes. The observed bands at 32,258, 28,571 and 
11,494, 11,236 are assignable to the transitions 
'%< \g' Sg<- •"•A, and ^B, <-ig ig 
-1 
'A Ig 
respectively. The doublet at ca 11,CX:)0 cm is weak duo to 
its forbidden nature. However, the magnetic moment value is 
anomalous (^ gff = 1.38 BM). It is well known that the square-
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plannar Ni(ll) complexes generally have singlet ground state 
(A, ) but may have.a triplet ground state^ ' too. Mixing (58) 
of the two states may result in paramagnetism in Ni(II) 
square-planar complexes. The two states are positioned 
closely vis a vis kT such that at normal condition a spin-
crossover between the two states are possible giving some 
paramagnetism in the complexes. The analytical and spectro-
scopic data suggest the following structure (Fig. IX) for 
compound (3). 
NCS. .S 
Ph-P^ Ni ,NCS 
NCS''^ '^  C ^  P-Ph S/ 
(Fig. IX) 
The reactions of ligand, PhP(NCS)2» towards the sub-
strate LRuCl2(Ph2P)3] proceeds with libration of two moles 
equivalent of Ph^P [please see experimental part], giving a 
purple color micro crystalline solid whose analytical data 
(Table-1) agree with the proposed stoichiometry. The compound 
exhibits solubility in usual non-pol<tr organic solvent and is 
sensitive to moisture. The molar conductivity measured in 
DMSU (Table-1) suggests that it is 1:1 electrolyte. The 
dissolution of compound (4) in DMSO is accompanied by a color 
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change from purple to yellow which suggests the formation of 
(59) 
six-coordinate solvate^ . The spectrum of solid exhibits 
the )Jasym (NCS) and l^ 'sym (NCS) vibrations characteristic of 
a S-coordination to Ru(ll) ion. The characteristic frequen-
cies for coordinated Ph^P have also been indicated at appro-
priate positions. The geometry of this complex has been 
ascertain from magnetic susceptibility and electronic spectral 
data. The complex is feebly paramagnetic (0.5 B.M.) and the 
electronic spectrum in a non-coordinating solvent (CH^Cl^) 
3 —1 — 1 
shows two intense bands at 260 nm (^  = 6.6x10 M Cm ) and 
290 nm (C = 6.7x10 M"" Cm" ) and a broad band centred at 
460 nm {£ = 1.4x10 M" Cm ). The first two bands are consis-
tent with the CT excitations. It has been reported that the 
visible spectra of five coordinate (trigonal bipyramidal) 
[RUC1(P—P)2J^ species are characterised by appea-
rance of bands in 460 - 490 nm and 550 - 580 nm region due to 
d-d transitions^ . It is therefore, reasonable to suggest 
that broad band for (4) at 460 nm is due to d-d transition in 
a five coordinate geometry around Ru(ll) ion. The simple 
crystal field theory predicts two unpaired electrons for a d 
ion in a perfectly regular t.b.p. geometry. However due to 
the distortion created by ligand assymmetry (with different 
ligand fieJd strength) would tend towards dlamagnetic 
(^ gjp£ = 0) nature of the complex as an extreme case. The 
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observed ^gf^ value (=0.5 BM) therefore, suggests that 
there is some distortion in the complex from its regular 
trigonal bipyranidal geometry as shown in Fig. X. 
CI. 
Ph3P 
S=C=N, 
Ru 
P-Ph 
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// 
CI 
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